ABSTRACT: An experiment involving 854 crossbred pigs (20 replicate pens of 4 to 8 pigs per pen) was conducted at 8 experiment stations to determine the effects of acids in nursery pig diets and their inclusion amounts on growth performance using diets and weaning ages typical of those used in the United States commercial pork industry. Diets were formulated to have constant a ME and contain 1.45, 1.45, and 1.30% standardized ileal digestible Lys for phases 1, 2, and 3, respectively. The basal diets were supplemented with various types and concentrations of acid at the expense of corn (Zea mays). Treatment diets included 0% acid (control), 0.1 or 0.2% phosphoric acid, 1 or 2% organic acids, and 0.1% phosphoric acid plus 1% organic acids with or without an antibiotic. The organic acids consisted of 50% citric acid and 50% fumaric acid by weight. All but the fi nal diet contained the antibiotic carbadox. All diets contained 3,000 mg of Zn/kg diet from zinc oxide during phases 1 and 2 and had limited acid buffering capacity, ranging from 142, 127, and 122 mEq/kg of feed for phases 1, 2, and 3, respectively. At each participating station, pigs were randomly allotted to dietary treatments on the basis of their initial BW. Sex and ancestry were equally distributed across the treatments. Results indicated that treatment effects on pig performance were observed in phases 1 and 2 but not in phase 3. In phase 1, ADG of pigs fed 0.2% phosphoric acid was greater than that of pigs fed the combination of acids with no antibiotic (P = 0.041). In phase 2, pigs fed treatments containing an antibiotic had a greater ADG than those fed the combination of acids without antibiotic (P < 0.05). Addition of acids to diets did not affect growth performance during any phase or the overall period. Over the 4-wk study, growth rate was slowest on the treatment without antibiotic, with specifi c differences that were often statistically signifi cant (P < 0.05). In summary, under the conditions of this experiment, the acid treatments had no effect but the antibiotic improved growth performance.
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INTRODUCTION
Acids added to diets may provide benefi ts through maintaining a low gastric pH that may increase nutrient digestion and reduce pathogen survival (Mroz, 2003; Kim et al., 2005) . Acids in undissociated form may enter bacteria and cause cell death (Partanen, 2001; Mroz, 2003) . Citric and fumaric acids are most often used in mixtures of organic products (Partanen, 2001) , and phosphoric acid is usually the inorganic acid of choice (Jacela et al., 2009 ). An appropriate combination of inorganic and organic acids may be effective because the inorganic acid may reduce digesta pH to less than the pH value at which 50% of the acid molecules arepresent in dissociated form (pKa) of the organic acid thereby maintaining the organic acid in the undissociated form.
Furthermore, even though organic acids reportedly improve pig growth performance (Ravindran and Kornegay, 1993; Mroz, 2003) , many of the previous studies were conducted under conditions that differed in potentially important ways from those of commercial pork production in the United States. For example, most of those studies used pigs weaned at older ages and fed simpler, plant-based diets, which are not typical in the United States. Hence, an evaluation of the effi cacy of acid products under typical United States conditions is needed to clarify the differences. The objective of this study was to determine the effect of selected acids in the diets of nursery pigs and their dietary concentrations on growth performance using diets and weaning ages typical of those used in United States commercial pork production.
MATERIALS AND METHODS
A collaborative study using 854 crossbred pigs was conducted at 8 experiment stations. All principal investigators were members of a North Central Coordinating Committee on Swine Nutrition (NCCC-42). The 8 participating stations included the University of Georgia, University of Illinois, University of Kentucky, Michigan State University, University of Nebraska, the Ohio State University, Oklahoma State University, and Purdue University (Table 1) . A common experimental protocol was followed at each participating station and approved by the Institutional Animal Care and Use Committee at each station.
Pig Allotment and Management
At each station, weaned pigs (21 d old) were randomly allotted to dietary treatments based on their initial BW, gender, and ancestry. Pigs were housed in environmentally controlled nurseries and had ad libitum access to feed and water at all times. Each participating station had a minimum of 2 replications per treatment with a minimum of 4 pigs per pen for each of 7 treatment groups (Table 1) . Pens consisted of mixed gender with equal gender distribution within a replication. Pigs were fed a 3-phase feeding program with phases 1 and 2 each of 1-wk duration and phase 3 of 2 wk duration for a total experimental period of 4 wk. The initial BW of pigs was recorded, and pig weights and feed disappearance were measured at the end of each phase. The ADG, ADFI, and G:F were calculated on a per-pen basis for each phase and the entire experiment.
Acids and Diets
The organic and inorganic acid products were from 3 companies (phosphoric acid, Lucta USA, Inc., Libertyville, IL; citric acid, DSM Nutritional Products, Parsippany, NJ; and fumaric acid, Kemin Industries, Inc., Des Moines, IA). The organic acid mixture consisted of 50% citric acid and 50% fumaric acid by weight and was prepared at the University of Illinois. Citric and fumaric acids were chosen because they have been reported to improve pig performance (Partanen, 2001 ). The inorganic acid was phosphoric acid.
The 7 dietary treatments were i) control (no acid supplementation), ii) 0.1% phosphoric acid, iii) 0.2% phosphoric acid, iv) 1% organic acid mixture, v) 2% organic acid mixture, vi) a combination of 0.1% phosphoric acid and 1% organic acid mixture, and vii) a combination of 0.1% phosphoric acid and 1% organic acid mixture without antibiotic. The diets of Treatment 1 to 6 contained 55 mg/kg of carbadox (Mecadox 2.5; Phibro Animal Health, Fairfi eld, NJ) and all diets for phases 1 and 2 contained 3,000 mg of Zn/kg diet from zinc oxide. The experimental treatments were applied throughout the 28-d experiment, and antibiotic was fed throughout the experiment. The treatment diets were supplemented with the acid products at the expense of corn. Diets were mixed at each participating station. The ingredient and chemical composition of the basal diet is shown in Table 2 . Diets were formulated on the basis of ME and standardized ileal digestible AA. The ME concentration of the diets was constant across the 3 phases and diets were calculated to have 1.45, 1.45, and 1.30% standardized ileal digestible Lys for phases 1, 2, and 3, respectively. Diets contained all known essential nutrients at concentrations that met or exceeded the estimated nutritional requirements of pigs at the appropriate stage of growth (NRC, 1998) . 
Chemical Analyses
At each station, the basal diet was sampled and analyzed for pH and acid buffering capacity (ABC) at the University of Illinois according to the method of Lawlor et al. (2005) . In brief, feed samples were ground to pass through a 2-mm screen. Duplicate 500-mg feed samples were suspended in 50 mL distilled deionized water and stirred continuously with a magnetic stir bar. Titrations were performed by addition of acid (0.1 M HCl) in variable increments (0.1 to 10 mL depending on type of feed and stage of titration) until the pH was decreased to 4.0. Initial pH and all further measurements taken during titration were recorded after 3 min of equilibration. The acid binding capacity of the basal diet was calculated as the amount of HCl in milliequivalents required to reduce the pH of 1 kg of feed sample to pH 4.0. The ABC was calculated by dividing the acid binding capacity by the total change in pH units (from the initial pH to the fi nal pH of 4.0), expressed as the amount of HCl in milliequivalents required to produce a unit change in the pH. Dietary concentrations of Ca and P were analyzed at Michigan State University by fl ame atomic absorption spectrophotometry (Unicam 989; Thermo Elemental Corp., Franklin, MA) and DU spectrophotometer (Beckman, Palo Alto, CA), respectively.
Statistical Analysis
The pooled performance data were analyzed as a randomized complete block design by analysis of variance using the MIXED procedure (SAS Inst. Inc., Cary, NC). The block was the station and considered as the random effect. The pen was the experimental unit. Treatment differences were compared using the least-squares means procedure with PDIFF and the Tukey adjustment. Treatment effects were considered signifi cant at P ≤ 0.05 whereas a trend for a treatment effect was noted when P < 0.10.
RESULTS

pH, Acid Buffering Capacity, Ca, and P of the Basal Diet
The diet average pH by each phase was similar across the 3 phases, ranging from 6.51 to 6.57 (Table 3) . The pH variation across stations was small within each phase, with the smallest CV of 1.7% for phase 3 and the greatest CV of 2.9% for phase 2. The ABC values were 140.5, 127.1, and 121.6 for phases 1, 2, and 3, respectively (Table 3) , and these varied greatly between stations within each phase, especially phases 1 (CV = 18.6%) and 2 (CV = 20.9%). The average analyzed Ca concentrations were 1.12, 1.08, and 0.97% for phases 1, 2, and 3, respectively, with considerable variation among stations (CV = 17.5 for phase 1, 19.6 for phase 2, and 12.2% for phase 3). The average P concentrations were 0.74, 0.73, and 0.61 for phases 1, 2, and 3, respectively, and these were similar to calculated values, with moderate variation among stations (CV = 8.6 for phase 1, 10.4 for phase 2, and 12.8% for phase 3).
Pig Performance
No pigs were dead or removed during the course of the study. In phase 1, the differences in ADG tended to be statistically signifi cant among dietary treatments (P = 0.079), with the treatment without antibiotic being lowest (Table 4 ). The ADG of pigs fed 0.2% phosphoric acid was greater than pigs fed the diet containing 0.1% inorganic and 1% organic acids without added antibiotic 3 Each station used its own premixes. When the amounts differed from those shown here, the amount of corn was adjusted to compensate.
(P = 0.041). No differences in ADFI or G:F were observed among dietary treatments.
In phase 2, pigs fed any of the 6 diets containing an antibiotic had greater ADG (P < 0.05) and pigs fed the control diet and diets containing phosphoric acid and 1% organic acid had greater ADFI (P < 0.05) than pigs fed the diet containing 0.1% inorganic and 1% organic acids without added antibiotic. There were no differences in ADG and ADFI among the acid treatments containing antibiotic. Pigs fed the combination of acids with antibiotic tended (P = 0.068) to have a greater ADFI than pigs fed the same diet without antibiotic. There were no differences in G:F among dietary treatments.
In phase 3, there were no differences in ADG, ADFI, or G:F among dietary treatments (P > 0.10). Acids and antibiotic did not affect pig performance during this phase (Table 4) .
Over the entire 4-wk period, addition of the various acids and combinations of acids did not improve any measure of growth performance. Pigs fed the combination of acids without antibiotic had the least ADG and ADFI, clearly less than (P < 0.05) those fed the control diet with antibiotic. The pigs fed 0.2% phosphoric acid also CV, % 2.2 2.9 1.7 18.6 20.9 13.9 1 DM of diets for phases 1, 2, and 3 was 89.5, 89.2, and 88.2%, respectively; phase 1, 2, and 3 diets were fed to nursery pigs for 7, 7, and 14 d after weaning, respectively.
2 The acid binding capacity was calculated as the amount of HCl (0.1 M) in milliequivalents required to reduce the pH of 1 kg of feed sample to pH 4.0. The acid buffering capacity was calculated by dividing the acid binding capacity by the total change in pH units (from initial pH to fi nal pH) and expressed as the amount of HCl (0.1 M) in milliequivalents required to produce a unit change in the pH of feed sample (Lawlor et al., 2005) . grew faster (P < 0.05) than those fed the combination of acids with no antibiotic.
DISCUSSION
The results of this study indicate no benefi t from the addition of organic or inorganic acids to nursery diets on growth performance of pigs during any phase or over the entire experiment. These results are consistent with some previous reports (Radecki et al., 1988; Risley et al., 1991) , but others (Burnell et al., 1988; Giesting et al., 1991) showed that acids improved growth performance. It is not clear whether the variation in response is due to weaning age, type of diet, or other identifi able conditions. It appears that the magnitude of growth response to acid supplementation is associated with several factors such as acid type, inclusion level, ABC of the basal diet, stage of growth, and health status of pigs (Roth and Kirchgessner, 1998; Partanen and Mroz, 1999; Lawlor et al., 2006) .
The impact of buffering capacity of the diet on the benefi ts from acid supplementation is not clear. It may be hypothesized that young pigs may have enough acidsecretory capacity to overcome the buffering capacity of some diets, but it is possible that a diet with high buffering capacity overwhelms the immature digestive tract and creates an opportunity for acid supplementation to provide benefi ts (Mroz et al., 2000; Lawlor et al., 2006) . Alternatively, modest concentrations of acid supplementation may have little potency when the buffering capacity is high. The buffering capacity of the present diets was small compared with values reported previously (Blank et al., 1999; Lawlor et al., 2006) . Caution should be exercised with such comparisons because the methods for determination of buffering capacity differed and resulting values may not be uniform (Makkink et al., 1994; Mroz et al., 2000) . However, it was previously shown that acid-supplemented diets had no clear effects on nutrient digestibility regardless of buffering capacity of the diet (Gabert et al., 1995) .
Antibiotics are often added to feeds fed during the nursery phase of pig production to prevent disease and improve pig performance (Hill et al., 2001; Cromwell, 2002; Phillips et al., 2004) . A recent study showed that when carbadox or a combination of tiamulin and chlortetracycline was added to nursery diets, growth rate was improved by 16.7 or 12.2% in pigs, respectively (Walsh et al., 2007) . The results of the current study showed that removal of the antibiotic (diet containing 0.1% inorganic and 1% organic acid without added antibiotic vs. with added antibiotic) reduced feed consumption and growth rate. This response is consistent with the literature (Hill et al., 2001; Cromwell, 2002; Phillips et al., 2004) and confi rms that the present experiment was able to detect moderate changes in performance.
In summary, adding acids to the diet of weanling pigs did not improve growth performance. However, it is possible that these acids may be benefi cial in other conditions or that other types and combinations may be useful especially with different type of diets.
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